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Abstract
It is now generally accepted that Type II supernovae arise from the collapse of a massive stellar core that has reached the end point of silicon burning. The observation of a neutrino pulse from Supernova 1987A strongly supports the core collapse theory.
However, 1-D simulations of core collapse fail to explode unless ad hoc mechanisms are invoked. Some recent multidimensional simulations explode without ad hoc mechanisms, but this result is not yet robust.
We review the state of multidimensional core collapse simulations, with particular emphasis on neutrino transport algorithms and results. What are the predicted neutrino fluxes, and how can observations constrain theory and provide insights to computational physicists?
Neutrino Physics Relevant to Transport
• Neutrinos come in six flavors.
• Neutrinos are subject to oscillations between flavors.
• Neutrinos are subject to Fermi-Dirac statistics.
• The neutrino chemical potential is nontrivial.
• Neutrino scattering from leptons somewhat resembles Compton scattering of gamma rays.
• Neutrino opacities increase strongly with energy, yielding a low-energy "window."
• Neutrinos are subject to stimulated absorption. This results in a thermal runaway that terminates in a "bounce" due to the short-range nuclear strong force.
The core becomes opaque to neutrinos.
About 1% of the neutrinos emitted by the core are thought to be reabsorbed in the mantle region, heating it sufficiently to drive a shock that breaks out as the visible Type II supernova.
Energetics and Neutronization
The core collapse converts about 1.5 solar masses of symmetric matter to a proto-neutron star about 30 km in radius. The final neutron star has a radius of about 10 km.
Energy of initial collapse:
Energy of subsequent cooling:
Lepton number of collapse and cooling:
Collapse energy per net lepton:
The collapse temperature is
http://cosmos.colorado.edu/stem/courses/common/documents/chapter6/l6S6.htm These detections are consistent with an antineutrino count of 10 58 and an energy of 100 foes, corresponding to a spectrum considerably softer than the collapse temperature.
The visible energy release was 1.7 foes (Arnett 1996).

Neutrino Physics in Core Collapse
• During the early stages of collapse, neutrinos stream freely out of the core.
• A 1.5 solar mass core becomes opaque to 100 MeV neutrinos at a radius of about 5000 km.
• At bounce radius of 30 km, the mean free path in the core is on the order of a meter for all neutrinos.
• At core densities, neutrino oscillations are not thought to be significant.
• The proto-neutron star has a distinct neutrinosphere where the observable neutrino spectrum is formed. • In flat space, this reduces to the familiar form
Simulations
. Then the moments of the Boltzmann equation are This is the P1 approximation. Asymptotic analysis suggests the further approximation
• The diffusion approximation is accurate at large optical depth.
• At small optical depth, the streaming approximation is often accurate:
• Flux limiters are ad hoc interpolations:
• Maximum entropy methods resemble flux limiters, but have a basis in information theory.
Transport approximations
• Pn: Take moments beyond zeroth and first. Results in a very complicated method prone to ringing.
• Sn: Discretize on ordinates. Relatively straightforward method but subject to ray effects.
• Variable Eddington approximation:
Toy Problem, Monte Carlo Toy Problem, S16 Toy Problem, Flux-Limited Diffusion
